WDRs and the STFC-J 2010, we here identified food sources for the trace elements (Zn, Cu, Mn, I, Se, Cr, and Mo) and biotin in the Japanese diet, computed with usual dietary intakes taking into account the ratios of within-person to between-person variance, and checked the values with the DRIs-J 2010.
MATERIALS AND METHODS
A survey of four-season 7-consecutive day WDRs was conducted from 1996-1997 among 107 Japanese dietitians living in central Japan to validate an SQFFQ developed for middle-aged people. The subjects and methods were described elsewhere (9, 10) . In brief, trained registered dietitians interviewed all participating dietitians/ registered dietitians at the end of each season's dietary survey. For example, when details of seasonings or ingredients of ready-to-eat food items or foods eaten at restaurants were unknown to the participants, nutrition intakes were estimated by referring to "standard recipes," major cook books, or food items available in supermarkets and restaurants (10) . One severely obese man and eight subjects (2 men and 6 women) whose dietary records were unavailable were excluded. We however included a 40-y-old woman whose energy intakes varied greatly, but her average intake value was within 3 standard deviations (SD) of the group mean. Her energy intake was 1,4576438 kcal on average, 315 kcal at its lowest and 2,426 kcal at its highest. There were 2 d in her 28- Calculation of intake for selected nutrients. Dietary nutrient intakes were computed by multiplying the food intake or serving size (in grams) with nutrient contents (per 100 g of food) of the trace elements (Zn, Cu, Mn, I, Se, Cr, and Mo) and biotin, as listed in the STFC-J 2010 (7) . Missing values in the STFC-J 2010 for the portions of meat (beef, pork and chicken), seafood, soybean products and seaweeds, were replaced by the nutritional data for similar food to diminish the underestimation. Moreover, since the values for cooked foods were unavailable in the STFC-J 2010, we used the values for raw food, without taking into account the nutrient loss in cooked food items. Although trace elements and biotin are certainly lost during cooking, the amount of loss may not be great, while the nutrients leached during cooking into the liquid, such as soup, sauce, or gravy, are eaten as parts of the dish (11) .
Determination of major food sources. We used all 2,744-d data of four-season 7-consecutive day WDRs completed by 18 men and 80 women. Major food sources of the selected nutrients were located according to a contribution analysis (12) (13) (14) (15) . A total of 1,078 food items were categorized into 689 food groups based on the similarity of their nutrient contents. For example, chicken breast, chicken wings, and chicken thighs were assigned to one group as chicken. We computed percent contribution (the proportion of the nutrient from a food group in the total nutrient provided by all food), median portion size, proportion of consumers (the number of subjects who consumed the food divided by all subjects), and median intake frequency approximately once per month based on 28-d WDRs. Percent contribution was shown for major food groups for which the cumulative percent nutrient contribution was up to 70% of all by contribution analysis.
Calculation of crude and usual dietary intakes. Because DRIs are based on a probability theory assuming that dietary intake distribution is normal distribution, normalization of the distribution was first made by power transformation or log transformation (16) . After transforming to a normal distribution, we calculated the ratio of within-person to between-person variance. The ratio was used for estimating usual dietary intakes by controlling the effect of within-person variance according to the Best-Power method by Nusser et al. (17) (18) (19) (20) (21) .
Comparison between crude and usual dietary intakes. Next, crude and usual dietary intake distributions were compared as to mean6SD, CV% (coefficient of variation) and percentile values (1%, 5%, 10%, 25%, 50%, 75%, 90%, 95%, 99%) ( 
RESULTS
Rice accounted for the highest percentage of Zn at 31.9%, and the percentage was 35.6% for Cu, 40.6% for Mn, and 59.6% for Mo. This is because steamed rice is a staple food for the Japanese (Table 1) . "Protein-rich food items" including meat, eggs, milk, oysters, and soy bean products, were major food items (30.1%) for Zn, of which 62.9% was provided by rice and "proteinrich food items." Cu was largely supplied with rice and diverse food items. Soybean products (6.8%) followed steamed rice (36%). Notable Mn contributing sources were green tea, oolong tea, and black tea. Specific I contributor was seaweed (kombu, hijiki). Se was provided by various food items. The percent contribution from the fish group (16.6%) and eggs (14.5%) was higher than from the meat group (7.9%). Cr contributors were soybean products (13.6%) and meat (10.1%), but the contribution from rice was small. Seventy percent of Mo was provided by only 3 food items: rice, tofu, and natto (fermented soybeans). The top biotin contributor was eggs (20.6%), followed by soybean products (5.8%). The parameter for transformation was zero (log transformation) for Zn for men, I for both sexes, and biotin for men ( Table 2 ). The powers were high for Se, Cr, and Mo. The ratios of within-person to between-person variance ranged from 1.16 for Mn, to 6.89 for I, most of which were greater than that of energy (1.30 for men and 2.20 for women). Median values for men, women and both sexes were 1.81, 3.00 and 2.60, respectively. Table 3 shows crude and usual dietary intakes of selected trace elements and biotin among middle-aged Japanese subjects. Average dietary intakes of Zn in men and women were 9.1 mg and 8.4 mg, Cu intakes were 1.29 mg and 1.22 mg, and Cr intakes were 10 mg and 9 mg, respectively. Usual dietary intakes of Mn (men 3.69 mg, and women 3.9 mg), Se (103 mg and 93 mg), Mo (222 mg and 184 mg), and biotin (52 mg and 47 mg) were considered to be adequate. The average usual dietary intake of I was 670 mg for men and 539 mg for women. CV% (coefficient of variation) of I was very high: i.e., more than 100%. The range of CV% was from 17% to 27%, except for I. The ratio of 95 percentile to median of I was 3.0 for women, but the figures for other trace elements ranged approximately from 1.2 to 1.5.
According to the EAR cut-point method, the prevalence of inadequate usual dietary intakes of Zn was 72% for men and 35% for women, and of Cu 22% for men and 11% for women against DRIs-J 2010, while the value for Cr was 100% for both sexes ( Table 4 ). The proportions of the group whose dietary intakes were above AI for Mn and biotin were 33% for men and 44% for women, and 50% for men and 30% for women, respectively (Table 5 ). Although AI cannot be used to calculate the prevalence of inadequate dietary intakes for a group, the prevalence of inadequate dietary intakes is likely to be low because the means of usual dietary intakes were similar to AIs. The 90th percentile of crude dietary intake of I was more than 3,000 mg/d, which was over the UL of 2,200 mg/d for both sexes. There were several people whose usual dietary intakes of I were over the UL.
DISCUSSION
Judging from a contribution analysis, the Japanese diet appeared to be different from the Western diet. Major contributors to the trace elements and biotin were not only meat and milk, but also traditional Japanese food items, including rice, tofu and tofu products, fish, seaweed, chicken eggs, fermented soy bean seasonings, and green tea. In most Western countries, the meat group, dairy products, and bread and rolls are major contributors to the trace elements and biotin. Hannon et al. (22) reported that Zn consumption was supplied by meat and meat products (38%), dairy products (milk, yoghurt and cheese) (14%), and bread and rolls (13%), and also showed that Cu was provided by meat products (15%), bread and rolls (18%), and potatoes and potato products (16%).
Long-term dietary record surveys in Japanese are still few. Mean daily intakes of Zn (6.75 mg), Cu (0.675 mg), Mn (2.72 mg) and Mo (131 mg) observed in a 7-d duplicate dietary survey of 25 subjects in Tokyo (23) were lower than those of our study. The results from a European study (24) using the 4-d recall-record method for Zn among the middle-aged (11.97 for men and 10.05 for women) were similar to ours. Dietary intake of Cr was provided by soybean products, meat and bread. Within-person variance of Cr was high, because rice (Japanese staple food) was not, in part, a major contributing food. According to STFC-J 2010, Cr contents in rice are 0 mg per 100 g of food. The proportion of a group with inadequate Cr requirement (35 mg for men and 25 mg for women) was 100% by using the EAR cut-point method; however, no clinical deficiency was observed in this group. Cr intake using the duplicate dish method was reported to be 24.5 mg/d among elderly US people (25) , and 40.23 mg/d among healthy French people (26) . These discrepancies might be due to cooking loss (retention factor), measurement error of food composition tables (27) , and differences of major dishes across countries, such as rice versus bread, and seafood versus meat. Dietary intake of I for Japanese was very high. Specific contributors were Japanese food items: seaweed (kombu (kelp) and hijiki). Dietary I is provided by dairy products at 50%, cereals at 20%, fish at 9%, meat at 8%, and vegetables at 7% in the UK and US (28) . Seaweed and retort prepared dishes were not dietary sources of I in the UK/ USA. In contrast, even potato chips (280 mg I per 100 g) and retort-packed curry (370 mg iodine per 100 g) along with sushi nori (dried kelp) and wakame (young kelp) miso soup are readily consumed sources of I for Japanese who are not habitual consumers of seaweed. Food product companies often use kelp powder as a seasoning for prepared food items, including retort-packed curry, instant noodles and snacks (arare rice crackers), because Japanese prefer the taste of glutamic acid, in which kelp is rich. Furthermore, we ignored the contribution of liquid "soup stock" and "water" in this analysis of consumption of energy and nutrients because they are non-caloric. People living in the western part of Japan often consume kelp soup stock, which contains 8,200 mg of I per 100 g. A man who usually consumed more than 5,200 mg/d of I was eating a mix of yoghurt with powdered kombu (dry-type 1-2 g) everyday, and nimono dishes of kombu or tsukudani (10-15 g as stewed type) 1-3 times per week. The within-person variance for him was small. As a result, the top distribution increased to over UL for the male group. However, the sample size of male subjects was too small to evaluate with precision, and individuals who habitually consume kombu dishes might not be rare for Japanese. Even with some underestimation and missing values in the STFC-J 2010 for I, this study could imply that the UL of DRIs-J 2010 might be revised upward, as long as no adverse effects were seen in Japanese middle-aged people in general.
We first reported the ratios of within-person to between-person variance of the selected trace elements and biotin from 28-d WDRs. Although the number of male subjects was not sufficient, the variance ratio was 3.10 for women on average, which was higher than that for micronutrients in Japanese adults (2.33 for women) (21) , and those of vitamins in healthy Japanese elderly (1.87 for women) (29) . It was suggested that the variance ratios might be higher for trace elements (I, Se, Cr and Mo) and biotin rather than other micronutrients. In addition, a previous study based on 1-d dietary records for middle-aged Japanese (15) , reported that Zn was largely derived from rice, followed by chicken eggs and whole milk, and Cu was provided by rice, soy and wheat products. Food sources of Zn and Cu found by the 1-d dietary survey were fairly consistent with those of this four-season 7-consecutive dietary survey. Rice intake frequency is very high for the Japanese (2.0 times per day on average), and they can report their rice portion size and intake frequency with high validity and reproducibility (8, 30, 31) . Therefore, the nutrients whose major dietary sources were rice, including Mn and Mo, may be free from 2 types of error, one being withinperson variance and the other a reporting bias. Dietary assessment of Mn and Mo may be considerably robust, unless the discrepancy between nutritional values in the food composition tables and rice actually consumed was great.
Major limitations of this study are the dearth of representative samples for the dietary survey; in particular, the sample size for men was small. We cannot deny a sampling bias of the subjects; however, dietary surveys are a nuisance for the general population, because Japanese meals are composed of a large variety of ingredients and are cooked in many different ways. We gave priority to accurate estimation of dietary intakes, rather than to a random sampling of study subjects from the general population. The issue of the generalizability (external validity) of this study is described below. In comparison with dietary intake for food groups and nutrients based on the National Health and Nutrition Survey Japan (hereafter, NHNS) (32) and previous studies (33) , rice intake for the present study (375 g for men, 266 g for women, as mean) was lower than those for NHNS (444 g, 302 g). Flour product intakes were similar. Vegetable intakes in the present study (280 g, 297 g) were slightly lower than for NHNS (300 g, 289 g). Vegetable intakes for the general population around the four seasons, assessed with the weighed dietary record method reported by Ogawa et al. (33) , were 310 g for men and 331 g for women. Therefore, vegetable intakes for the present study were not as great, although all subjects were dieticians. According to animal protein source, intake of the fish group, meat group, and eggs were similar, but dairy intakes for the present study (159 g for men, 180 g for women) were higher than those of NHNS (87 g, 106 g). Seaweed intake for the present study was lower (10 g, 9 g) than NHNS (14 g, 14 g ), but the difference is unclear, because estimated weight values for seaweed have severe error due to food moisture (for example kombu, dry type or tsukudani simmered in soy sauce). Therefore, the mean value for energy, protein, percentage of fat energy, vitamin C and total fiber were similar to NHNS results, but calcium intake for the present survey was about 100 mg higher than those of NHNS. It is notable here that the CV% (coefficient of variation) of nutritional intake for the present study was about one-half smaller than that of NHNS. Narrow distributions denote that the evaluation of the prevalence of over the UL would be sufficiently reliable.
Another limitation was systematic error from food composition tables. The STFC-J 2010 has many missing values for I, Se, Cr, Mo and biotin, and data are few for pre-cooked/prepared food items. If we overlooked the missing values, the calculated dietary intake would have been underestimated by approximately 50% (data not shown). In addition, it is known that there are some differences of nutritional values between actually consumed foods and food composition tables. An international study to compare food composition table values was started in European countries (34) . In the last decade, international non-profit organizations in the UK and USA took a central role in the harmonization of food composition tables related to issues of data management and usage standardization (35) (36) (37) (38) .
CONCLUSIONS
Dietary intakes of selected trace elements (Zn, Cu, Mn, I, Se, Cr, and Mo), and biotin among middle-aged Japanese were estimated by four-season consecutive 7-d WDRs. Major contributors to the selected trace elements and biotin were not only meat and milk, but also traditional Japanese food items, including rice, tofu and tofu products, fish, seaweed, chicken eggs, fermented soy bean seasonings, and green tea. Food sources of the selected trace elements and biotin for Japanese were different from those of a Western diet. The ratios of withinperson to between-person variance were particularly high for I and Se. The results could be applied for estimating usual dietary intakes for groups of similar age and sex in Japan, and used for health promotion and disease prevention.
